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• Background – requirements for powerplant fire testing 

• Objectives for this work 

• Test equipment and burner set up 

• Development of  a copper tube calorimeter 

• Achieving burner calibration – Heat Flux 

• Achieving temperature calibrations – comparison of thermocouples 

• Burning mapping 

• Conclusion and future work 

 

Presentation overview 
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• Certification fire testing is used as a means for determining if a component of an 
aircraft is fire proof or fire resistant to the regulations 

 

• Criteria has been established to try to define that all components undergoing such 
a test are subjected to the same severity of flame from a burner which satisfies set 
requirements, to ensure that the test is comparative and consistent. 

 

• In particular the flame temperature and heat flux produced by the burner have to 
be calibrated at the given test location both pre and post testing, to qualify the 
test environment accurately simulates the real world condition. 

 

• Approved instrumentation is used to provide calibration data to show the 
repeatability and consistency of the results achieved. 

 

Background 
- Fire testing for Powerplant Components 
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Various test methods, advisories and guides are used to provide criteria used in determining the flame 
characteristics required to test various components used in aircraft engines, their nacelles and their other 
supporting structures.  

 

These Include: 

– FAA Power Plant Engineering Report No. 3A: Standard Fire Test Apparatus and Procedure (For 
Flexible Hose Assemblies), Revised March 1978  

– FAA Aircraft Material Fire Test Handbook: Chapter 11 Powerplant Hose Assemblies Test  and Chapter 
12 Powerplant Fire Penetration Test  - used to determine the fire resistance componets used in 
designated fire zones to damage due to flame and vibration for showing compliance with TSO C42, 
C53A, and C75. April 2000 

– AC 20-135: Powerplant Installation and Propulsion System Component Fire Protection Test Methods, 
Standards and Criteria, Revised 1990 

– SAE AIR 1377A: Fire Test Equipment for Flexible Hose and Tube Assemblies, Revised January 1980.  

– SAE AS 1055: Fire Testing of Flexible Hose, Tube Assemblies, Coils, Fittings and Similar System 
Components, Revised 1978.  

– ISO2685: Environmental Test Procedures for Airborne Equipment – Resistance to Fire in Designated 
Fire Zones, International Standards Organisation 

 

Background 
- Fire testing for Powerplant Components 
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- Development of FAA Copper Tube Heat Flux Calorimeter   

- A parametric study of the factors that affect the accuracy and repeatability of 

flame calibration 

- Provide a fresh and objective look on the guidance that’s available 

- Future collaboration with other test facilities to iron out questions and queries 

found long the way 

 

 

 

 

 

Objectives of this work 
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Heat Flux 
Aircraft Material Fire Test Handbook Chapters 11 & 12  and AC 20.135 : requirement :  

 > 10.6 W/cm² (9.3 Btu/ft².s) or > 4500 Btu/hr  
Heat Flux density is measured by a water-cooled calorimeter Power is measured by the heat transfer device 

 

FAA Power Plant Engineering Report No. 3A : requirement :  

> 9.3 Btu/ft².s (10.6 W/cm²) and < 11.8 Btu/ft².s or > 4500 Btu/hr and < 4650 Btu/hr 
Parameters are measured by the heat transfer device or calorimeter.  

 

ISO 2685 : requirement :  

11.6 W/cm² (+/- 1 W/cm²)  
The Heat Flux density is calculated from the heat transfer device (the total heat recorded by the heat transfer 
device is supposed to come from the surface of the tube in front of the burner exit).  

 

Background  
- Burner Calibration Requirements 
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• Carlin Burner 

Test equipment and burner set up 
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• The burner is mounted on a carriage that 
travels along a 6m rail track. The Carriage is 
controlled from control room. 

• The Track has four separate zones 
– 1. Warm up Area. 

– 2. Flame Temperature Calibration . 

– 3. Heat flux Calibration. 

– 4. Specimen Test area. 

Test equipment and burner set up 

 

The data acquisitions is via National Instruments LabVIEW, giving real time display of heat flux and 
temperature distribution during calibration stages.  
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Development of copper tube calorimeter 

Engineering report 3A 
Chp 11 & 12 

ISO 2685 
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Item Engineering Report 3A and  
AC20-135 

ISO 2685 FAA Fire Test Handbook – 
Chapters 11/12 

Resonate Testing solution 

Thermometer Cenco-Cat No 19335B 30-
220°F 0.20°F Graduations 

Small, mercury 
thermometers capable of 
reading to 
within 0.1 °C or immersion 
thermocouples 

Two glass scientific 
thermometers calibrated in 
0.05°C (0.1°F) increments, 
immersible thermocouples, 
or equivalent 

RTDS - IEC 60751 class I / 
10:2008. (±0.03° C). 

TD 271-4-B Copper Tube  
OD 1/2” Inch 
0.032” Wall  
Length: 15” (381mm) 
 

Copper tube  
OD 12 to 13mm  
Thickness: 1mm ±0.1mm 
Length: 380 mm 

Copper Tube  
OD 1/2” Inch 
0.032” Wall  
Length: 15” (381mm) 
 

Copper Refrigeration tubing 
1/2inch OD  
Nominal wall 0.9 mm  
Length: 15” (381mm) 

TD 271-2-B Asbestos tubing  
1 7/16” OD x 13/16” ID x 
12” Long 

Thermally low conductive 
material  - Aluminium tube 
and brass fittings 
OD 27mm ID 20.6mm 
300mm long 

Material Transit Asbestos 
based tubing or material 
with equivalent thermal 
conductivity 

Steel tubing around copper 
tube cavity filled with 
aerogel  - a low thermal 
conductivity insulation 
material (from 0.014-
0.015W/mk) 

Copper mesh Woven copper fabric  
0.002in thick / 0.021in wide 

No mesh mentioned Woven copper fabric  
0.002in thick / 0.021in wide 

Woven copper fabric  
 

Deflector 
plates 

10” sq aluminium heat 
deflector shields 

254 mm sq aluminium 
deflector shields 

10” sq aluminium heat 
deflector shields 

10” sq  stainless Steel 
deflector plates   

Development of copper tube calorimeter 
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Development of copper tube calorimeter 
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The copper tube heat flux measurement is reliant upon the accurate measurement of the 
relatively small temperature rise between the water entering and exiting the bare section of 
copper tube.  

 

The temperature measurement is sensitive to: 

• The flow rate measurement  and the tolerances 

• The temperature difference measurement – RTD’s are required for accuracy instead of 
thermocouples 

• Best practices of using accurate RTDS (four wire) – shielding of cables is essential and 
common grounding 

• Warm up time spent on the copper tube and  resulting  carbon deposits on the tube 

• Changes in the characteristics of the burner and if the flame is ‘clean’ or sooty 

 

 
 
 

Development of copper tube calorimeter 

𝑄 = 𝑚 C𝑝 ∆𝑇  

𝑄 = 500 ∆𝑇  
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Heat flux Results 
Decay due to carbon 

Actual Flame Heat Flux 

Burner Parameters: 
Air – 1800 ft/min 
Fuel Pressure – 120 psi 
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 T4 4914

 T5 4807

Last Burn- Copper tube not cleaned before.. 

Burner Parameters: 
Air – 2900 ft/min    
Fuel Pressure – 86 psi 

Reconfigured Burner In an effort to reduce temperatures and BTU 
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Differences in the advice documentation have led to different test houses interpreting 
the following differently: 

• The flow rate measurement and the tolerances 

• The temperature difference measurement – RTD’s are required for accuracy 
instead of thermocouples 

• Warm up time spent on the copper tube and  resulting carbon deposits on the 
tube 

• Changes in the characteristics of the burner and if the flame is ‘clean’ or sooty 

 

Summary –  
Heat flux Calibration 

𝑄 = 𝑚 C𝑝 ∆𝑇  

𝑄 = 500 ∆𝑇  

This leads to inconsistencies in how that calibrations is carried out in 
different Test facilities 
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Development of the copper tube calorimeter led us to further examine the art of 
burner heat flux and temperature calibration 

 

Previous work 
• James Demaree, Report No. DOT/FAA/RD/76/213, “Re-evaluation of Burner Characteristics 

for Fire Resistant Tests,” dated January 1977  

• Serge Le Neve, “Fire Tests on Components Used in Fire Zones. Comparison of Gas Burner to 
Oil Burner,” AC20-135/ ISO 2685, Proceedings of the FAA Materials Meeting, Atlantic City, 
New Jersey, October 21–22, 2008.  

• Ochs, R., “Development of the Next Generation Fire Test Burner for Powerplant Fire Testing 
Applications,” Proceeding of IASFPWG, London, United Kingdom, May 18, 2010. 

• Samir Tambe, Yi-Huan Kao, and San-Mou Jeng , “Development of Next Generation Burner 
Characteristics for Fire Testing of Power Plant Materials and Components”, DOT/FAA/TC-
13/38, April 2015 

 

 

Flame characterisation 
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Thermocouple rake and mapping capability 

The mobile and remotely controlled data collection 
system allows a more complete analysis of flame 
characteristics.  
 
The temperature-indicating system used permitted an 
II-point or 7-point horizontal survey at I-inch increments 
across the flame at any selected vertical height.  
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Thermocouples  

Engineering Report 3A AC20-135 ISO 2685 
FAA Fire Test Handbook – 
Chapter 11 and 12 

Number Not less than five inches 
The seven thermocouple 
measuring points 

at least five  

Type 
Chromel-Alumel, 
thermocouples  

NI-CR/Ni-AL Thermocouple 
wires. 

Chromel-Alumel (Type K) 
thermocouples 

Sheath 
l/16 to l/8-inch metal 
sheathed, ceramic packed 

If a metal sheath is used, the 
maximum diameter shall not 
exceed 3 mm 

sheathed in 1/16 inch (1.6 
mm) stainless steel or inconel 
tubes or equivalent 

Wire thickness 
Nominal 22 to 30 AWG 
(America Wire Gage) size 
conductors or equivalent.  

The diameter of the 
thermocouple wire shall be 
between 0.6 mm and 1 mm 

ANSI 22-gauge 

Junction/tip Bare junction Exposed junction is 4-10mm 

Accuracy/error 
allowable overall error of 
+/-1 (one) % at 2000°F.   

Alignment 1 Inch apart 25mm apart 

CH 11: aligned in a row 1 ± 
0.1 inch (25 ± 3 mm) apart 
Ch12: aligned in a row, 1.0 ± 
0.1 inch (25 ± 2 mm) apart. 

Additional 
information 

An air aspirated, shielded, 
thermocouple should not be 
used.  

The thermocouple shall be 
unshielded and non-
aspirated. 
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Thermocouples  

1/8 inch (3mm) OD 
Fully sheathed 

1/8 inch (3mm) OD  
Exposed Junction 

(10mm) 

1/16 inch (1.6mm) OD 
Fully sheathed 

Type K thermocouples compliant with  
BS EN 60584.1 Pt4  Class 1 
 
375°C to 1000°C 
±0.004 . |t|  ± 40°C 
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Thermocouple – Exposed junction/sheathed 
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• Provided the type and age of the thermocouples are the same they essentially read the 
same value. 

• The fully sheathed version is slower to respond providing an aliasing effect which results 
in an averaging of the temperature measured 

• This effect is amplified when the thicker sheathed thermocouple is used  - the thicker 
sheathed thermocouples will often read a lower value as the speed at which they react 
is much slower than the changing dynamic nature of the flame 
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Temperature Results 

Burner Parameters: 
Air – 1800 ft/min 
Fuel Pressure – 120 psi 
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Target

Temperature Failed to reach 2000F Average. 

Older ~(1/16)TC maintained a lower recorded temp.. 
'Newer' TC  now consistently below 

Burner Parameters: 
Air – 2900 ft/min       
Fuel Pressure – 86 psi 

Reconfigured Burner In an effort to reduce temperatures and BTU 
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Thermocouple size, construction, and age all have an 
effect on the measured flame temperature 

– 1/16” sheathed TC’s had the highest measured 
temperature, although their accuracy degrades 
quickly 

– 1/8” sheathed TC’s had a lower temperature 
measurement than both old and new 1/16” TC’s 

– 1/8” exposed junction TC’s had the lowest 
temperature measurement of all TC’s 

 
 

Thermocouple - age 
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Ref: Development of the Next Generation Fire Test Burner for Powerplant 
Fire Testing Applications, Robert Ochs 
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– 1/8” exposed junction and the 1/16” sheathed 
TC’s had the highest measured temperature, 
although their accuracy degrades quickly 

– 1/8” sheathed TC’s had a lower temperature 
measurement  

– Age has the biggest impact of the temperature 
measurement – and Heat flux can be used a 
more accurate indicator that the flame is the 
same 
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• Type K thermocouples are being used at the top end of their range 

• The actual specified thermocouples are not available and the thermocouple industry has 
moved away from this definition 

• Exposed tip thermocouple, while giving fast response time and therefore a more accurate 
representation of the flame temperature have a finite life and should be replaced for every 
burn 

• Advice should be sought from thermocouple experts on the most accurate way to measure 
the flame temperature 

• Thermocouples should be specified to meet international standard for their manufacture to 
ensure consistency and a minimum accuracy 

• Age has the biggest impact of the temperature measurement – and heat flux can be used a 
more accurate indicator that the flame is the same 

 

 

 

Summary –  
Thermocouples and temperature calibration 

Again this leads to inconsistencies in how that calibrations is carried 
out in different Test facilities 
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Mapping requirements 

C 
L 

C L 

Additional 
Thermocouples 

Additional 
Thermocouples 

Typical TC / flame  calibration zone 

Funnel- Cone  Footprint zone 

11 Inches 

6
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Level 1 

Level 2 

Level 3 

Level 4 

Level 5 

Level 6 

Level 7 
When 

Measured 

Central 7 TC 

Pre  Mapping  flame  temps 1” above centre line have been included in Map.  Note: this was taken several minutes before the 
map was undertaken.  The rationale followed was: Calibrate flame  (Temp and BTU) followed by Map. 

TC’s  averaged over 3 minutes per formal calibration procedure.  Map is recorded with shortened duration at each Level. 
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An 80° fuel nozzle rated at 
2.25 gal/hr and pressure 
adjusted to deliver 2.04 
gal/hr, at 97 psig  

 

Flame temperature mapping 
- Engineering Report 3A CARLIN 200 CRD 
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Flame temperature mapping 2016-09-20 
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Flame temperature mapping 

Reconfigured Burner In an effort to reduce temperatures and BTU 

2016-09-22 

Slight Reduction in Temp , BTU remains strong 
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2016-09-24 

TC7 and TC11 of map replaced. 

Full Average 2027.3

Average reading every 30 sec 2024.3

°F

°F
Full Average 5267.0 BTU/hr 10.9 BTU/ft2 s

Average reading every 30 sec 5323.6 BTU/hr 11.0 BTU/ft2 s

Flame temperature mapping 
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2016-09-24 

Author Customer Witness

Tom Mallon

Amb Humidity Amb Temp Serial Number

Temperature

Start time 0 sec Full Average 1978.0

End time 180 sec Average reading every 30 sec 1977.0

Pre test Calibration
Amb Press

°F

°F

Flame Calibration Record

POST MAP  TEMP CAL
Test Date/Time

RTL000 24/09/2016 12:00:00.000 AM

Author Customer Witness

Tom Mallon

Amb HumidityAmb Temp Serial Number

Temperature

Start time 0 sec Full Average 1999.1

End time 180 sec Average reading every 30 sec1997.9

Pre test Calibration
Amb Press

°F

°F

Flame Calibration Record

POST  TEMP CAL 2
Test Date/Time

RTL000 24/09/2016 12:00:00.000 AM

Doors Open - Ambient Cooled. 

Post test temperature calibration 
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Conclusions 

• Temperature and heat flux calibration still has many uncertainties  

• Heat flux calibration seems more reliable – but temperature calibration maybe 
possible which a re-evaluation of the how it is carried out 

 

Further work 

• Collaboration with other test houses, to compare setups and data and help fill in 
the blanks  

• Now with the baseline set for the copper tube – the sensitivities of the heat flux to 
changes in the setup can be investigated 

• Comparisons can be made with other burners such as the Nex Gen 

Conclusions and Next Steps 
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For further information on capabilities of Resonate Testing Ltd 
please do not hesitate to contact: 

Mary Kelly 
Test House Manager 
marykelly@resonatetesting.com 
+44 2890 736390 
 
www.resonatetesting.com 

mailto:marykelly@resonatetesting.com
http://www.resonatetesting.com/
http://www.resonatetesting.com/

